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ILQDOO\ JUHDWO\ GHFUHDVH WKH IDWLJXH OLIH > @ RI DOXPLQXP DOOR\ZHOGPHQWV ,W KDV EHHQ SURYHG WKDW WKH IDLOXUH
JHQHUDOO\RFFXUV LQ WKHZHOGLQJOLQHDQGKHDWDIIHFWHG]RQH>@ WKXVLW¶VFUXFLDO WRVWUHQJWKHQWKHZHOGHGMRLQWV
DQGREWDLQWKHEHQHILFLDOPLFURVWUXFWXUHDQGUHGLVWULEXWHGVWUHVV




VWUDLQ UDWH DQG FRQWUROODEOHSURFHVVSDUDPHWHUV > @ )URP WR WKH86/DZUHQFH/LYHUPRUH1DWLRQDO
/DERUDWRU\YHULILHGWKDW/63FDQJUHDWO\UHGXFHWKHZHOGVWUHVVFRUURVLRQDQGIDWLJXHFUDFNJURZWKUDWH>@/DWHU
/63 KDV EHHQ DSSOLHG WR WKH ZHOG UHLQIRUFHPHQW RI QXFOHDU ZDVWH FRQWDLQHUV >@ 2PDU HW DO >@ IRXQG /63
JHQHUDWHV D FRPSUHVVLYH UHVLGXDO VWUHVV DW WKH VXUIDFH WKDW FDQEH VLJQLILFDQWO\ GHHSHU WKDQ IRU FRQYHQWLRQDO VKRW




RI /63 RQ 7 DOXPLQXP7,*ZHOGLQJ MRLQWV SDUWLFXODUO\ FRQFHUQLQJ WKHPLFUR VWUXFWXUH HYROXWLRQ SURFHVV
GXULQJ/63
,QWKLVSDSHUWKHUHVHDUFKVWDWXVDERXWZHOGHGMRLQWVWUHQJWKHQLQJE\/36LVVXPPDUL]HG)LUVWO\WKHWHFKQLTXHV
FRPPRQO\ XVHG DW SUHVHQW XQGHU ODERUDWRU\ FRQGLWLRQV DUH LQWURGXFHG IROORZHG E\ DQ DQDO\VLV RI VWUHQJWKHQLQJ
SULQFLSOH 7KHQ WKH VWUHQJWKHQLQJ HIIHFW DQG LWV UHODWHG SURSHUWLHV RI /63ZHOGHG MRLQW SURFHVV DUH GLVFXVVHG ,Q
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3ULQFLSOHRI/63ZHOGHGMRLQW
2.1. Principle of LSP and its effect on welded joint 
/DVHUVKRFNSURFHVVLQJDOVRNQRZQDVODVHUSHHQLQJFDQSURGXFHDFRPSUHVVLYHUHVLGXDOVWUHVVOD\HUPRUHWKDQ
PP GHHS LQ FRPPHUFLDOO\ DYDLODEOH DOXPLQXP DOOR\V DQG KDV EHHQ VKRZQ WR VLJQLILFDQWO\ LPSURYH IDWLJXH
SHUIRUPDQFHV0RUHRYHUODVHUSHHQLQJKDVEHHQVKRZQWRKDUGHQWKHVXUIDFHDQGLPSURYHWKHPHFKDQLFDOSURSHUWLHV
RI VRPH VWUXFWXUDO PHWDO FRPSRQHQWV VXFK DV FRPPHUFLDOO\ DYDLODEOH FDUERQ VWHHOV VWDLQOHVV VWHHOV FDVW LURQV
DOXPLQXP DOOR\V WLWDQLXP DOOR\V DQG QLFNHOEDVHG VXSHUDOOR\V >@ 7KH /63 WHFKQRORJ\ PD\ LQGXFHV
PLFURVWUXFWXUH HYROXWLRQ LQ WKH VXSHUILFLDO VXUIDFH RI WKH WUHDWHG PDWHULDO DQG JHQHUDWHV EHQHILFLDO UHVLGXDO
FRPSUHVVLYHVWUHVVZKLFKH[WHQGVWKHSRWHQWLDOIDWLJXHOLIHDQGSURYLGHVDQHIIHFWLYHSURFHVVWRLPSURYHWKHVWUHQJWK
ZHDU UHVLVWDQFH FRUURVLRQ UHVLVWDQFH DQG GHOD\LQJ WKH FUDFN SURSDJDWLRQ UDWH RI PDWHULDO > @ /63LQGXFHG
VXUIDFH UHVLGXDO VWUHVV FDQVLJQLILFDQWO\ LQKLELWV WKH LQLWLDWLRQDQGSURSDJDWLRQRI WKH IDWLJXHFUDFN LQ WKHZHOGLQJ
KHDWDIIHFWHG ]RQH HVSHFLDOO\ LQ WKH ILHOGVRISRUHV LPSXULWLHV DQG VWUHVV FRQFHQWUDWLRQ >@/63JHQHUDWHVKLJK









7KH WDUJHW LV PDGH ZLWK D SHUIHFW HODVWLFSODVWLF PDWHULDO 7KH HIIHFWV RI ZRUN KDUGHQLQJ DQG YLVFRXV DUH QRW
FRQVLGHUHG/DVHUVKRFNZDYHSUHVVXUHDFWVRQ WKHFHQWHURI WKHPRGHOVXUIDFH VR LWFDQEHVLPSOLILHGDVDSODQH
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3.2. Flow constraint laser shock processing 
7RGHYHORS DEHWWHU/63 VWUHQJWKHQLQJSURFHVV WKH IORZFRQVWUDLQW/63ZDVPHQWLRQHG ,W FDQ LQGXFHJUHDWO\
LPSURYHGDIIHFWHGOD\HUZKLOHFRPSDUHGWRXQGHUZDWHU/637KHWHVWV\VWHPXVHGE\RXUJURXSLVVKRZQLQ)LJ
7KHV\VWHPFRQVLVWVRIODVHURVFLOODWRUIRFXVLQJV\VWHPZDWHUFLUFXODWLRQGHYLFHIL[WXUHDQGILYHD[LVOLQNDJH1&
SODWIRUP$OXPLQXP DOOR\ZHOGHG MRLQWZDV UHPRYHG H[FHVVZHOGPHWDO DQG WKHQZDV ILWWHGZLWK WKH DEVRUSWLRQ
OD\HU RI DOXPLQXP IRLO WLJKWO\ 7KHZHOGHG MRLQW LV FODPSHG RQ WKHZRUNWDEOH RI ILYHD[LV OLQNDJH1& SODWIRUP









7KHFXUUHQW VWXG\VKRZV WKDW WKHRUJDQL]DWLRQDQG VWUHVVRI DOXPLQXPDOOR\ZHOGHG MRLQWV DUH VWUHQJWKHQHGE\
KLJKDPSOLWXGHRIODVHUVKRFNZDYH,WFDQEHFKDUDFWHUL]HGZLWKVXUIDFHLQWHJULW\DQGIDWLJXHIUDFWXUHPLFURVWUXFWXUH
4.1. Surface integrity 
7KHVXUIDFHLQWHJULW\LQFOXGHVVXUIDFHWH[WXUHDQGVXUIDFHOD\HURIPHWDOOXUJLFDOTXDOLW\6XUIDFHWH[WXUHPDLQO\
UHIHUV WR WKHFKDQJHRI URXJKQHVV6XUIDFHPHWDOOXUJ\TXDOLW\ LQFOXGHV WKHFKDQJHVRIPLFURVWUXFWXUHDQGUHVLGXDO
VWUHVV
;X>@ XWLOL]HGPLFURVFRSH TXDQWLWDWLYHO\ DQDO\]HG WKH FKDQJH RI URXJKQHVV RQ WKH VXUIDFH RI DOXPLQXP DOOR\
ZHOGLQJ MRLQWZLWKDQGZLWKRXW/637KHVXUIDFH URXJKQHVVRIZHOGLQJ MRLQWZLWKRXW/63 LVDERXWPPDQG WKLV
YDOXHLQFUHDVHGWRDURXQGPPDIWHU/63,WLVZLGHO\DFNQRZOHGJHGWKDWWKHVXUIDFHURXJKQHVVRIWKHDOXPLQXP














7KHGHWHFWLRQ UHVXOWV VKRZ WKDW/63FDQHOLPLQDWH WKH VXUIDFH UHVLGXDOVWUHVVDQGSURGXFHVDFHUWDLQGHJUHHRI
UHVLGXDOVWUHVV7KLVLVEHQHILFLDOIRULPSURYLQJWKHIDWLJXHOLIHRIWKHZHOGHGMRLQWV0RUHRYHUUHVLGXDOFRPSUHVVLYH
VWUHVV RQ WKH VXUIDFHV RIZHOGHG MRLQW E\ GRXEOHVLGHG/63ZDV IRXQG DQG VWUHQJWKHQHG WKHPDWHULDO 7KHUHIRUH
WKHUHPXVWEHWHQVLOHVWUHVVLQVLGHWKHMRLQWLQRUGHUWRDFKLHYHWKHRYHUDOOIRUFHEDODQFH>@$VDUHVXOWWKHIDWLJXH
FUDFN LQLWLDWLRQ ]RQH FDQ EH WUDQVIHUUHG IURP WKH VXUIDFH WR WKH LQWHUQDO MRLQW 7KHQ WKH VXUIDFH SURSHUWLHV DUH
LPSURYHGDQGWKHIDWLJXHOLIHRIDOXPLQXPDOOR\ZHOGLQJMRLQWLVSURORQJHG
4.2. Fatigue fracture microstructure 
)LJXUHLV6(0SKRWRVRIIDWLJXHIUDFWXUHVZLWKDQGZLWKRXWGRXEOHVLGHG/63$WHQVLOHIDWLJXHWHVWVWUHVVUDWLR
RIDQGDORDGLQJIUHTXHQF\RI+]ZHUHXVHG)LJDVKRZVWKDWPRUHIDWLJXHFUDFNVRXUFHVJHQHUDWHGIURP
WKH VXUIDFHRI WKHXQWUHDWHGZHOGHG MRLQWZKLOH WKHUH LVQR IDWLJXHFUDFNVRXUFHRQ WKHZHOGHG MRLQWZLWK/63DV
VKRZQLQ)LJE$QGOHVVIDWLJXHFUDFNVJHQHUDWHGIURPWKHVXEVXUIDFH7KLVLVEHFDXVHWKHZHOGHGMRLQWVXUIDFH
SURGXFHG GHQVLW\ VWUHQJWKHQLQJ OD\HU WUHDWHG E\ /63 $QG WKH IDWLJXH FUDFN VRXUFHV QR ORQJHU DSSHDU IURP WKH
















WKH 5HVHDUFK )XQG IRU  -LDQJVX 3URYLQFH2UGLQDU\ 8QLYHUVLW\*UDGXDWH 5HVHDUFK ,QQRYDWLRQ 3URMHFWV 1R
.</;B DQG WKH .H\ /DERUDWRU\ )RXQGDWLRQ RI 3KRWRQ0DQXIDFWXULQJ 6FLHQFH DQG 7HFKQRORJ\ RI -LDQJVX
3URYLQFH1R*=
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